Carbon-deficient red giants (CDRGs) are a rare class of peculiar red giants, also called "weak Gband" or "weak-CH" stars. Their atmospheric compositions show depleted carbon, a low 12 C/ 13 C isotopic ratio, and an overabundance of nitrogen, indicating that the material at the surface has undergone CN-cycle hydrogen-burning. I present Strömgren uvby photometry of nearly all known CDRGs. Barium stars, having an enhanced carbon abundance, exhibit the "Bond-Neff effect"-a broad depression in their energy distributions at ∼4000Å, recently confirmed to be due to the CH molecule. This gives Ba II stars unusually low Strömgren c 1 photometric indices. I show that CDRGs, lacking CH absorption, exhibit an "anti-Bond-Neff effect": higher c 1 indices than normal red giants. Using precise parallaxes from Gaia DR2, I plot CDRGs in the color-magnitude diagram (CMD) and compare them with theoretical evolution tracks. Most CDRGs lie in a fairly tight clump in the CMD, indicating initial masses in the range ∼2 to 3.5 M ⊙ , if they have evolved as single stars. It is unclear whether they are stars that have just reached the base of the red-giant branch and the first dredge-up of CN-processed material, or are more highly evolved helium-burning stars in the red-giant clump. About 10% of CDRGs have higher masses of ∼4 to 4.5 M ⊙ , and exhibit unusually high rotational velocities. I show that CDRGs lie at systematically larger distances from the Galactic plane than normal giants, possibly indicating a role of binary mass-transfer and mergers. CDRGs continue to present a major puzzle for our understanding of stellar evolution.
Bond CDRG, HR 6791, 1 was carried out by Greenstein & Keenan (1958) . Both stars were confirmed to be underabundant in carbon, by an average factor of about 20, but with approximately normal metal content.
By the mid-1980's several high-dispersion model-atmosphere abundance analyses of CDRGs had been published (e.g., Sneden et al. 1978; Rao 1978; Lambert & Sawyer 1984; and references therein) . These studies confirmed that in representative members of the class, carbon is deficient relative to iron by factors of about 10 to 30, nitrogen is enhanced by factors of up to 4, and metals have roughly solar abundances, all relative to normal red giants.
In spite of the remarkable and poorly understood compositions of these stars, some of them visible to the naked eye, there was a lull in follow-up studies for a couple of decades. In the past few years, however, there has been a renewal of interest, and several authors have published detailed analyses of their chemical compositions and discussions of their evolutionary origins (e.g., Palacios et al. 2012, 2016, hereafter P12 and P16; Adamczak & Lambert 2013, hereafter AL13) .
STRÖMGREN PHOTOMETRY

Carbon-Deficient Giants
From 1974 to 1979 I carried out a program of photoelectric stellar photometry in the Strömgren uvby system, using 0.41-, 0.61-, and 0.91-m telescopes at Cerro Tololo Inter-American Observatory (CTIO) and Kitt Peak National Observatory (KPNO). My program was focused primarily on metal-deficient red giants, many of which I had discovered during examination of objective-prism photographic plates obtained with the Curtis Schmidt telescope at CTIO (and earlier, when the telescope was located in Michigan). My final photometric results for the metal-deficient stars were published almost four decades ago (Bond 1980, hereafter B80) . Details of the photometric reductions and calibration to the standard uvby system are given in B80.
In the course of these observations, I had also measured a selection of CDRGs, but these data have remained unpublished. Because of recent renewed interest in these stars ( §1), and the availability of new analysis tools and much more precise parallaxes, I believe it is useful to present my results now. Table 1 gives my photometric measurements of the CDRGs. Successive columns list the star name, the visual magnitude V (transformed from the y magnitudes), the b − y color, and the color differences, defined as
. The fifth and sixth columns contain the number of nights on which I made observations of each star and the Galactic latitude, and the final column gives a reference to the first publication that reported the carbon deficiency. The average uncertainties of a single observation for this ensemble, calculated from the internal scatter for the stars observed more than once, are ±0.012, ±0.006, ±0.011, and ±0.018 mag in V , b − y, m 1 , and c 1 , respectively. Apart from the early discoveries recounted in §1, most of the listed stars were first recognized-many of them by the present writer-on objective-prism plates taken in the Curtis Schmidt survey of the southern hemisphere, and published by Bidelman & MacConnell (1973, hereafter BM73) . 2 Several more CDRGs were discovered by myself, on Curtis Schmidt plates that I obtained during my searches for metal-deficient stars as described in B80. I have also included in Table 1 uvby photometry for 37 Com, quoted from Crawford & Perry (1989) .
Four out of the 41 stars listed in Table 1 ( HR 1229, HR 4154, HR 6757, and HR 6766) were measured by Eggen (1993) in a program of photometry on a modified Strömgren uvby system. His observations used a v filter with a different (narrower) bandpass than the standard filter, and he denoted his color differences as M 1 and C 1 . A comparison of our results, in the sense Bond minus Eggen, gives these mean differences: ∆V = −0.016 ± 0.003, ∆(b − y) = +0.006 ± 0.002, m 1 − M 1 = 0.000 ± 0.004, and c 1 − C 1 = −0.094 ± 0.006, with standard deviations of 0.007, 0.004, 0.007, and 0.012 mag, respectively. These differences indicate excellent agreement, with small scatter, between our results, except for a large systematic offset between c 1 and C 1 . Nearly identical results were reported in B80, when I compared my photometry of metal-deficient red giants with results published by Eggen in several earlier papers.
Barium Stars and Normal Giants
Barium stars, or "Ba II stars," are a class of peculiar late-type stars showing enhanced abundances of carbon and of barium and other s-process elements, which were first recognized by Bidelman & Keenan (1951, hereafter BK51) . Barium stars posed a puzzle from the standpoint of stellar evolution, since carbon and s-process elements were not 1 An extensive and useful historical discussion of this star, other CDRGs, and their peculiarities is given by Griffin (1992) . 2 My photometry of the BM73 star BD −19 967, as well as its recent Gaia parallax, indicate that it is a fairly normal G dwarf, so it is omitted from Table 1 . Cottrell & Norris (1978) had raised similar doubts about the star, based on their photometry in the DDO system. The star may be a misidentification by BM73 of the nearby BD −19 969, which I did not observe. Of the remaining 33 CDRGs listed by BM73, I was able to obtain photometry of 31 of them, missing only HD 119256 and HD 124721. expected to be created and dredged up to the stellar surface until the asymptotic-giant-branch (AGB) stage; however, it was known that Ba II stars only had approximately the luminosities of normal red giants. The explanation came from the recognition that most or all barium stars are members of wide spectroscopic binaries (e.g., McClure 1984) , indicating that they are companions of former AGB stars (now white dwarfs) which have been contaminated on their surfaces by processed material accreted from a stellar wind. For recent reviews of barium stars, see, for example, Käppeler et al. (2011 ), Escorza et al. (2017 , Jorissen et al. (2019) , and references therein.
The carbon enhancement in barium stars stands in sharp contrast to the carbon deficiency of CDRGs. This was already noted by BK51, who stated that "The remarkable absence of CH in HR 885 thus represents a departure from a normal spectrum in the opposite sense from that shown by the Ba II . . . stars." Thus a comparison of the photometric properties of these two groups is of interest. During the 1974-1979 observations described above, I also obtained Strömgren photometry of a large number of Ba II stars. These results are presented in Table 2 . It has the same format as Table 1 , except that for literature references for the individual barium stars, I refer to the articles in the previous paragraph. In order to provide a sample of the most pronounced barium stars, I only include in Table 2 the 41 stars from my observations that have a "barium index" (Warner 1965) between Ba3 and Ba5 (the highest value), according to the catalog of Ba II stars assembled by Escorza et al. (2017) .
Finally, for comparison of these two peculiar groups with normal red giants, I selected a sample of bright field stars of spectral type G0 and later, and luminosity classes of II-III, from the catalog of uvby standard stars published by Perry et al. (1987) . There are 29 stars in that paper that satisfy the selection criteria. Table 3 presents the uvby photometry for these stars, and their spectral types, taken directly from Perry et al.
THE ANTI-BOND-NEFF EFFECT IN CARBON-DEFICIENT GIANTS
Fifty years ago, John Neff and I published a paper (Bond & Neff 1969 , hereafter BN69) on a surprising result we had found using intermediate-band photometry of a small sample of barium stars. Our data showed that the Ba II stars' spectral-energy distributions (SEDs) exhibit a broad absorption feature, centered near 4000Å. In the prototypical Ba II star ζ Cap, the absorption has a width of at least 1500Å and a maximum depth of about 0.3 mag, compared to the SED of a normal red giant of about the same spectral type. Other authors have called this phenomenon the "Bond-Neff effect" (hereafter BNE), a terminology I immodestly adopt here.
The species responsible for the BNE was a puzzle for many years. BN69 noted that the broad feature is similar to a pseudo-continuous absorption seen in laboratory studies of the C 3 molecule (Brewer & Engelke 1962; see also a later paper by Snow & Wells 1980) , as well as in comets and very cool carbon stars (see references in BN69). However, it would be surprising for C 3 to exist in the atmospheres of stars as warm as the Ba II stars; moreover, its presence was directly ruled out by Baird (1982) , who showed that the expected rotational lines of C 3 are absent in high-dispersion spectra of a bright barium star. Williams (1975) suggested instead that the BNE is caused simply by the increased strength of the known molecular bands of CN, CH, and C 2 in the Ba II stars. However, Fix & Neff (1975) and Fix (1976) used spectrophotometric scans of several barium stars to show that the absorption feature is continuous at the resolution of their data. In a conference abstract, McWilliam & Smith (1984) proposed alternatively that the BNE is due to the large number of absorption lines of s-process rare-earth elements in the broad region around 4000Å in the spectra of barium stars.
The bandpass of the Strömgren v filter lies near the wavelength of the maximum absorption of the BNE. 3 Thus the c 1 index, which can be written as u − 2v + b, is very sensitive to the effect. I showed, in my study of extremely metal-deficient giants (B80, Figure 7a ), that the c 1 index is highly correlated with the strength of the CH G band, in stars with very weak lines of other species. This finding would appear to rule out the McWilliam-Smith suggestion as the dominant contributor, and it strongly pointed to CH as the primary carrier of the BNE absorption feature. Masseron et al. (2014, hereafter M14 ) now appear to have settled the issue. M14 performed an extensive update of the line list for the CH molecule, adding newly identified energy levels, and including the role of broad predissociation lines-which they showed are present in the spectrum of the Sun, but previously unrecognized (see their Appendix A for a discussion of the predissociation phenomenon). By incorporating these new data into calculations of synthetic stellar spectra for stars with enhanced carbon abundances, M14 were able to reproduce the BNE absorption feature as originally presented by BN69. Most of the BNE was indeed shown to be due to CH, but enhanced line blanketing due to high s-process abundances in Ba II stars does also contribute.
Because of the strengthened CH absorption feature, Ba II stars have systematically lower c 1 indices than normal red giants-which was the observation leading to the BN69 discovery. Since the CDRGs are marked by an absence of CH, they should exhibit an anti-BNE; i.e., they would be expected to have higher c 1 indices than normal red giants. I will now show that this is indeed the case, by intercomparing the Strömgren photometry of the CDRGs, normal red giants, and Ba II stars presented above.
First, however, the photometry listed in Tables 1, 2 , and 3 has to be corrected for interstellar extinction. Estimation of extinction for nearby stars has become much easier in the past few years because of two developments: first, an online tool 4 is available for estimating reddening, E(B − V ), at any given Galactic position and distance (Capitanio et al. 2017) ; second, precise stellar distances are now available from the recent Gaia Data Release 2 (DR2; Gaia Collaboration et al. 2018).
Using these two tools, I determined the reddening for each of the stars in Tables 1, 2, and 3. Table 4 presents the Gaia DR2 parallax, the Gaia photometry (apparent magnitude G, color index BP − RP ), and the reddening for the CDRGs, barium stars, and field red giants. (A few of the red giants in Table 3 are so bright that they are not included in DR2, and are omitted from Table 4 .) In determining the distances, I adjusted each Gaia parallax upward by 0.029 mas, as recommended by Lindegren et al. (2018) . In most cases, the reddening values are low, which is not surprising since the stars are relatively bright and nearby; however, a few of them have higher values. Based on the reddenings given in Table 4 , I then corrected the Strömgren photometry in Tables 1, 2, and 3, using the formulae given by Crawford (1975) Figure 1 plots the dereddened c 1 color difference, denoted (c 1 ) 0 , versus the dereddened color index, (b − y) 0 . The CDRGs are plotted as filled blue circles, the normal giants as green filled triangles, and the Ba II stars as red filled diamonds. The figure dramatically illustrates the BNE: all of the barium stars have smaller values of (c 1 ) 0 than the field red giants. The offset to lower c 1 values increases with redder (b − y) 0 color (cooler temperatures), as the strength of the CH absorption increases. The effect on the c 1 index reaches values as large as ∼0.8 mag for the most extreme cases.
The CDRGs in Figure 1 behave oppositely, as expected based on the BNE being due primarily to CH absorption, and because these stars lack CH in their atmospheres. In nearly every case, their c 1 indices are higher than those of normal red giants. 5 The few cases of c 1 values mixed with the red giants may indicate less extreme degrees of carbon deficiency. 6 4 https://stilism.obspm.fr/ 5 A similar finding regarding the c 1 indices of CDRGs was reported in a conference abstract by Herr & MacConnell (1972) , but without details. Cottrell & Norris (1978) obtained photometry of several CDRGs in the DDO intermediate-band system, and noted that they are bluer in the C(42 − 45) color than normal red giants; they attributed this to the absence of CH absorption in the 4200Å bandpass. Eggen (1993) demonstrated that his C 1 index is high in several carbon-deficient stars, compared to normal red giants and Ba II stars, but he interpreted the result as indicating excess "emission" around 4000Å in the former.
6 AL13 remark briefly that the star HD 121071 is an example of a CDRG with an intermediate C abundance; however, this designation arises from a typographical error in Hartoog (1978) , with the correct carbon-deficient star being a different object, HD 121070. Figure 1 . Reddening-corrected color difference (c1)0 vs. corrected (b − y)0 color index for carbon-deficient red giants (blue filled circles), normal field red giants (green filled triangles), and barium stars (red filled diamonds). Uncertainties are generally smaller than the plotting symbols. The barium stars have systematically low c1 indices, due to the Bond-Neff absorption around 4000Å produced by much stronger CH features than in the normal giants (see text). In contrast, the C-deficient red giants, lacking the CH absorption, have generally higher c1 values than the normal giants-and thus show an "anti-Bond-Neff effect."
The BNE and anti-BNE have several important implications. The CH absorption behaves like a continuous opacity, which is strong in Ba II stars, but still present in normal stars such as the field red giants in Figure 1 , and even in the Sun. At least until the recent work of M14, this "missing" opacity has not been included in stellar-atmosphere modeling. One result is that, when CH is present, metallic absorption lines will be formed higher in the atmosphere in the region around 4000Å, and thus weakened. Abundance determinations will therefore give systematically low results for lines in this spectral region, if the model atmosphere does not include the CH opacity. Luck & Bond (1982, their Figure 1 ) demonstrated that this was the case in three subgiant CH stars (or dwarf barium stars), where metallic lines below ∼4200Å gave lower abundances than lines at longer wavelengths. Figure 2 shows the reddening-corrected metallicity index, (m 1 ) 0 , plotted against the corrected (b−y) 0 color. Recalling the definition, m 1 = (v − b) − (b − y), we see that the m 1 index will also be affected by the Bond-Neff absorption in the v bandpass, but by a lesser amount than the c 1 index. The figure shows that the m 1 index is indeed higher in Ba II stars than in normal red giants, but the effect is not as large as in Figure 1 , since the v magnitude is not multiplied by two. The CDRGs have slightly lower m 1 indices than the red giants and barium stars, again due to the lack of the CH absorption feature around 4000Å.
The Strömgren m 1 index is usually a useful indicator of metal content (e.g., B80 and references therein), but Figure 2 shows that it is systematically affected in stars with anomalous carbon content, independently of the abundance of heavier elements.
COLOR-MAGNITUDE DIAGRAMS AND INITIAL MASSES
The recent availability of Gaia DR2 parallaxes allows considerably more precise placement of nearby stars in the color-magnitude diagram (CMD) 7 than was possible with astrometry from previous sources such as Hipparcos. I will present CMDs for the CDRGs, barium stars, and field red giants by plotting the extinction-corrected Gaia absolute magnitude (M G ) 0 versus corrected Gaia color index (BP − RP ) 0 . I made extinction corrections by using the E(B − V ) values given in Table 4 , and applying the approximate relations Andrae et al. (2018) . I determined the absolute magnitudes based on the DR2 parallaxes also in Figure 2 . Reddening-corrected color difference (m1)0 vs. corrected (b − y)0 color index for carbon-deficient red giants (blue filled circles), normal field red giants (green filled triangles), and barium stars (red filled diamonds). As in Figure 1 , uncertainties are generally smaller than the plotting symbols. The barium stars have systematically high m1 indices, due to the enhanced Bond-Neff absorption in the v band. Carbon-deficient red giants have lower m1 values than the normal giants, because of the absence of CH.
The resulting CMDs are shown in Figure 3 The barium stars and field red giants in Figure 3 (left) show a wide range in CMD location and the implied initial stellar masses. This is not surprising, since the Ba II stars are considered to be "bystanders" that were polluted by a former AGB companion. Thus they should be drawn at random from the population of normal red giants, as appears to be the case in the figure. By contrast, the CDRGs have a very different distribution in the CMD. Most of them are concentrated in a fairly tight clump, implying that most of them had initial masses of about 2 to 3.5 M ⊙ -on the assumption that they have evolved as single stars. There are a few outliers of initial masses as low as ∼ 1.5 M ⊙ , and three luminous stars that appear to have evolved to higher luminosity from the main clump. The requirement of a fairly sharp minimum mass for stars that exhibit the carbon deficiency appears to be a robust result, since the CDRGs were selected in spectroscopic surveys without regard to, or even advance knowledge of, their absolute magnitudes.
Apart from the clumped stars, there are four luminous outliers, all lying near the single-star tracks for stars of ∼ 4 to 4.5 M ⊙ . They are labelled in Figure 3 (right): HR 1023, HD 67728, 37 Com, and HR 6476. It is striking that AL13, in their high-resolution spectroscopic analysis of 24 CDRGs, singled out HR 1023, HD 67728, and 37 Com as having unusually high rotational velocities compared to the rest of their sample: these stars' values of v sin i are 22.7 (HR 1023; de Medeiros & Mayor 1999), 13.0 (HD 67728; P16), and 11.0 km s −1 (37 Com; Drake et al. 2002) . The AL13 sample did not include HR 6476, but its rotation is also unusually high compared to normal red giants, with v sin i = 7.3 km s −1 , according to Hekker & Meléndez (2007) .
My conclusion that most of the CDRGs had initial masses of ∼2 to 3.5 M ⊙ , with a fairly sharp lower-mass cutoff, generally agrees with earlier published results, but strengthens and refines them because of the higher precision of the Gaia parallaxes. For example, based on locations in the CMD determined from Hipparcos parallaxes, AL13 inferred that their sample of two dozen CDRGs have masses in the range ∼2.5 to 5 M ⊙ , with a mean of about 3.6 M ⊙ . P16, Figure 3 . Color-magnitude diagrams for barium stars and field red giants (left panel) and for carbon-deficient red giants (right panel). Plotting symbols are the same as in Figures 1 and 2 . Extinction-corrected absolute magnitudes are plotted against corrected color indices in the Gaia photometric system. Superposed on the data are theoretical stellar evolutionary tracks for stars of masses 1.0 to 4.5 M⊙, and metallicity [Fe/H] = −0.25, obtained using the MIST web tool (see text). The barium stars and field giants sample a wide range of initial masses and evolutionary stages. In contrast, most of the carbon-deficient red giants fall into a tight clump, suggesting that most of them have initial masses of about 2 to 3.5 M⊙-if they have evolved as single stars. Four exceptions at apparently higher initial masses are marked: HR 1023, HD 67728, 37 Com, and HR 6476 (see text for discussion). also using Hipparcos distances, refined the mass range for their sample of 19 CDRGs to 3.2 to 4.2 M ⊙ . The existence of a distinct smaller group of CDRGs with higher masses of about 4 to 4.5 M ⊙ and unusually high rotations is, to my knowledge, a new result.
EVOLUTIONARY STATUS
Depletion of carbon is a strong signature of material that has been exposed to hydrogen-burning via the CN-cycle. When equilibrium is reached, C is underabundant by a factor of about 20, the carbon isotopic ratio 12 C/ 13 C declines to about 3, and the abundance of 14 N is increased, such that the sum of 12 C, 13 C, and 14 N remains constant (e.g., Iben 1967; AL13). The abundance of lithium is drastically reduced. In general, published CNO abundance analyses of CDRGs give results in agreement with these expectations (see P12, AL13, P16, and references therein), except that some GDRGs are not depleted in Li. These findings indicate that the surfaces of these stars are strongly contaminated with material that was once deep in the hydrogen-burning core.
The papers by P12, AL13, and P16 give extended discussions of possible evolutionary scenarios to explain the existence of these rare stars. They generally reach the conclusion that "the weak-G-band puzzle [is] largely unsolved" (P16). As P12 and P16 point out, their locations in the CMD (e.g., my Figure 3 right) are consistent with the stars being either (1) subgiants that have just reached the base of the red-giant branch (RGB)-which is about the location of the onset of the first "dredge-up" in normal red giants, or (2) stars that reached the tip of the RGB, ignited core helium-burning, and dropped back to the red-giant clump. But in neither case does standard evolutionary theory predict a surface composition dominated by fully CN-processed material. AL13 discuss the key finding, reinforced by my results here, that CDRGs are more massive on average than normal field red giants. They raise the possibility that rotational mixing, due to the faster rotations of main-sequence stars in this mass range as compared to the lower-mass progenitors of typical red giants, could be the cause of the mixing to the surface. This scenario to explain CDRGs has recently been discussed by Smiljanic et al. (2018) . However, many main-sequence stars in this mass range are fast Bond rotators, but CDRGs are extremely rare. On the other hand, the fast rotations associated with the four most massive CDRGs that I have noted above may be an important new clue.
The above discussions have considered the evolution of single stars. In a recent paper, Izzard et al. (2018) discuss mass-transfer and stellar mergers, in the context of explaining the presence of fairly massive stars in the old population of the Galactic thick disk. They raise the possibility that C-poor and N-rich stars could be the result of binary-star interactions that expose CN-processed material at the surface, such as in the CDRGs.
A striking feature of the data presented in Table 1 is that many of the CDRGs lie at fairly high Galactic latitudes, in spite of them appearing to be stars of higher masses than normal red giants. Note that the BM73 survey covered essentially the entire southern hemisphere, so there should not be a bias against low latitudes.
Is it possible that CDRGs are descended from binary systems that have merged or undergone mass-accretion, giving them enhanced masses compared to the single stars that are currently evolving in their host population? In this case, they should mimic the properties of an older population, compared to single stars of the same mass. I performed an experiment of extracting from Gaia DR2 a sample of normal red giants that simulates the BM73 selection. I required the DR2 stars to lie in the southern hemisphere as do most of the BM73 stars (δ < 0 • ), to be brighter than the approximate magnitude limit of the BM73 sample (G < 8.9), and to lie in the main clump of CDRGs in the CMD shown in Figure 3 (right) , i.e., 1.05 ≤ (BP − RP ) ≤ 1.4 and −0.3 ≥ M G ≥ −1.3. This selection resulted in 1,883 stars. The BM73 sample 10 contains 28 CDRGs lying within the same box in the CMD, showing that they represent only 1.5% of the red giants, even when the red giants are limited to this relatively narrow range of colors and absolute magnitudes. I then calculated the absolute value of the distance from the Galactic plane, |Z|, for each star in the two samples, using their known distances and Galactic latitudes. Figure 4 shows the cumulative distribution of |Z| values for the field giants and CDRGs. It illustrates that the CDRGs indeed do systematically lie at larger distances from the Galactic plane than the field red giants. This could be consistent with a scenario in which the CDRGs have arisen from an older and dynamically hotter population than the field giants, and have acquired their higher masses through relatively recent binary mergers or mass transfer. A Kolmogorov-Smirnov test indicates a probability of only ∼1.7% that the CDRG distribution of |Z| values in Figure 4 was drawn from the red-giant population. Figure 3 (right), shown as a blue line, and for a sample of field southern-hemisphere red giants lying in the same CMD clump selected from Gaia DR2 with the same magnitude limit as the CDRGs (green line). As discussed in the text, the CDRGs are distributed to systematically higher |Z| distances, suggesting that they may arise from older and lower-mass progenitors that have undergone binary interactions and mass augmentation.
SUMMARY AND FUTURE WORK
CDRGs are a rare class of red giants whose atmospheres are composed of material exposed to CN-cycle hydrogenburning. The main conclusions of this study are the following:
1. I present Strömgren uvby photometry for a nearly complete sample of the known CDRGs, and for a selection of barium stars and normal red giants. Barium stars exhibit the "Bond-Neff effect" of unusually low Strömgren c 1 indices, now known to be caused by a broad CH absorption feature centered around 4000Å. The CDRGs, lacking CH absorption, show an "anti-Bond-Neff effect" of unusually high c 1 indices compared to normal red giants.
2. The locations of CDRGs in the color-absolute magnitude diagram are now well defined because of precise parallaxes from Gaia DR2. Most of them lie in a tight clump in the CMD consistent with initial masses of about 2 to 3.5 M ⊙ . A second, smaller, and possibly distinct group has higher masses of ∼ 4 to 4.5 M ⊙ , and they all exhibit unusually high rotational velocities.
3. The evolutionary status of CDRGs remains unclear, as does the mechanism that has brought the highly processed material to the surface. It is uncertain whether CDRGs are hydrogen-burning stars that have just reached the bottom of the red-giant branch and the onset of the first dredge-up, or are more highly evolved helium-burning red-giant clump stars. Another mystery is why there is an apparent lower-mass cutoff for the occurrence of the carbon-depletion phenomenon.
4. A hint that CDRGs might be members of binaries that have increased in mass through mass-transfer or mergers comes from their systematically higher distances from the Galactic plane than normal red giants lying in the same location in the CMD. The high rotation of the high-luminosity subset may support such speculation.
Nearly seven decades after Bidelman's discovery of the peculiarities of HR 885, these stars continue to pose one of the most poorly understood puzzles in stellar evolution. There are several avenues for future studies. A systematic test of binarity would be extremely useful. As many authors have noted, the sample of known CDRGs remains distressingly small, a little over three dozen; thus spectroscopic surveys that would find more of them are highly desirable. One project that could approximately double the known number would be a systematic examination of an existing collection of objective-prism plates covering the entire northern sky, obtained with the Burrell Schmidt telescope at KPNO (Bidelman 1998 ; see also Bond 2017) . b Reference for first discovery of carbon-deficient nature. Reference codes are: B51 (Bidelman 1951) ; B57 (Bidelman 1957 ); BM73 (Bidelman & MacConnell 1973) ; C12 (Cannon 1912 ); HEB (this paper; discovered by author on Curtis Schmidt plate); R52 (Roman 1952 ); ST69 (Spinrad & Taylor 1969) . c Photometry quoted from Crawford & Perry (1989) . 
